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I. TINTRODUCTION

The map in Figure ] shows that the Republic of Honduras is a small Central
American country. It has an area of only 109,560 square kilometers (Gale
Research Co., 1983). The northern coast is along the Caribbean Sea, and a small
part of the southwestern border of the country is along the Pacific Ocean,
Honduras has additional borders with Guatemala, E1 Salvador, and Nicaragua.
Several islands are also part of the country (Young, 1982). The Bay Islands of
Roatan, Utila, Guanaja, Barbereta, Santa Elena, and Morat lie near the northern
coast of Honduras. The two small Swan Islands (17°23'N, 83°56'W) were offi-
cially ceded to Honduras by the United States on 20 November 1971 (Worldmark
Press, 1976). Honduras has a Pacific port, Amapala, on Tiger Island in the Gulf
of Fonseca.

i
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Figure 1. Map of Honduras

The climate of this small country is not uniform because the terrain is
quite uneven., It is estimated that 63.6 percent of the land surface is moun-
tainous (Young, 1982), In the mountainous interior some elevations are nearly
3 km (Worldmark Press, 1976). The highest meteorological observing station is
La Esperanza (14°16'N, 88°10'W) at 1979 m (Wernstedt, 1972). Most stations are
below 1.3 km because this is where most of the population is located. For
example, the capital, Tegucigalpa (14°03'N, 87°13'W), barely lies above 1 km,
o but it is surrounded by peaks higher than 1.8 km (Young, 1982).
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T Wet, tropical climates prevail along both coasts, but the climate 1s cooler
g;:: and drier in the mountainous interior. Relatively dry valleys are typically
}235 surrounded by well watered mountains in Central America (Rumney, 1968). The
fa} vertical meteorological station network does not adequately document this in
A Honduras. However, the distribution of vegetation suggests that rainfall

e increases upward from the bottom of arid interior basins in the dry season
AEN (Johannessen, 1959; Hastenrath, 1967). A dry season occurs in the cooler part
i}i} of the year in almost all of Honduras (Gramzow and Henry, 1972).
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Variations of climate throughout Honduras are discussed in more detail in
the following sections of this report. Information from a thorough literature
survey is supplemented by extracts from tabulations created from original data
by the authors. In a few cases the discussion includes data from neighboring
countries and oceanic areas.

II. TEMPERATURE, DEW POINT, AND HUMIDITY ‘

Annual mean temperatures depend primarily on elevation, and month~to~month
variations of temperature are small. This can be seen in Table ] which lists
stations in order of decreasing mean annual temperature. Data in Table 1 were
taken primarily from Wernstedt (1972). Additional data were obtained from
Environmental Science Services Asministration (1966) and Rudloff (1981). The
annual mean temperature for Amapala at 16 feet is 83.8°F, but La Esperanza at
6494 feet has a mean annual temperature of only 63.8°F. At Amapala the mean
temperature difference between the warmest month and the coolest month is only
4.,8°F. The difference between warmest and coolest months at La Esperanza is
8.5°F. Differences fall within this range at all stations except Comayagua
where the mean temperature during the warmest month is 8.8°F greater than the
mean temperature during the coldest month,

Year-to-year variations are usually small in Honduras. An Environmental
Science Services Administration (1966) publication has data for individual years
at eight stations, and for two of these stations the uninterrupted period of
record is 10 years. At Tegucigalpa the difference between the annual mean tem-
perature during the warmest and coolest of the 10 years is only 1.6°C (2.88°F).
At Tela the corresponding difference i1s 1.8°C (3.24°F). Year-to~year variations
of monthly means are sometimes much larger. For example, the warmest April is
5.6°C (10.08°F) warmer than the coolest April at Tela. At Tegucigalpa the warm-
est July is 5.0°C (9.0°F) warmer than the coolest July. These are the largest
differences between warmest and coolest months at the two stations, but most
monthly means have larger year-to~year variations than annual means have.

Table 2 lists absolute maximum and minimum temperatures according to tabu~
lations made by the Aerophysics Group for the years 1973-1981 and three other
sources (Johannessen, 1959; US Air Weather Service, 1968; and Showers, 1973)
from periods of record before 1973. Temperatures are usually above 40°F near
the coasts, and even in the mountainous interior they seldom fall below the
freezing point of water. Unfortunately, similar information has not become
avajilable to the authors for La Esperanza (6494 feet) or for higher elevations.
Maximum temperatures are apparently greater than 90°F in all well populated
areas, and temperatures a few degrees above 100°F are possible.

Tables 3 and 4 are based on data from the US Air Weather Service (1968).
Conclusions from Tables 3 and 4 must be considered tentative. Most of the data
are supported by five or fewer years of record. Mean temperatures inferred from
Table 3 are lower than those for the same latitude and longitude in Table 1.
Mean temperatures for Tela are very close even though the station has apparently
been moved a short distance during the period of record.

Dew points are much lower at the mountainous interior station in Table 3
than at the northern coastal station in Table 4. At Toncotin International mean
dew points are lowest at 47°F in March and highest at 67°F in November. At Tela
the lowest monthly mean dew point is 68°F which occurs in January and February,
and the highest monthly mean dew point is 75°F which occurs from May through
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September. As expected, relative humidities are higher and dew point
depressions are smaller at Tela,

Using relationships described in the Smithsonian Meteorological Tables
(List, 1958) one can estimate the absolute humidity from the available data.
The mean values are more than 17 g/m during every month at Tela, and during
the warmer half of the year they are greater than 20 g/m . Absolute humidi-
ties are much lower at Toncotin International but they are still higher than
in many locations outside the tropics. The lowest monthly mean is 8.4 g/m in
March,

The authors obtained and analyzed three~hourly data for the years
1973-1981 at Tela and Tegucigalpa. Tables 5 and 6 contain seasonal means of
temperature and absolute humidity for three~hourly intervals with the excep~
tion of 0300 hours local time. Data for 0300 hours were extremely poor,
Diurnal variations of temperature are larger than seasonal variations at both
Tela and Tegucigalpa. Seasonal variations of absolute humidity are larger
than diurnal variations at both stations. Diurnal variations in these tables
cannot be compared with other studies of Honduras because such detailed infor-
mation is not available in the published literature. However, tables and
graphs for San Salvador (13°43'N, 89°12'W, 2297 ft) in neighboring El1 Salvador
are available (Hastenrath, 1963b). Hastenrath's article contains graphs of
temperature, relative humidity, and vapor pressure as a function of month and
hour of the day. Tables of monthly means of various quantities based on 10
years of data are also included in Hastenrath's manuscript, and a majority of
these values fall between the corresponding values in Tables 3 and 4.
Therefore, it is realistic to compare Table 7 for San Salvador with Tables 5
and 6 for Tela and Tegucigalpa. Mean temperatures at 0600 hours are below
70°F throughout the year at the mountainous stations of San Salvador and
Tegucigalpa. Because Tela is a coastal station near sea level, it 1is not
surprising that the winter mean is 69.7°F at 0600 hours and other seasons are
warmer, Diurnal variations in Tables 5 through 7 are somewhat smaller than
actual diurnal variations. Hastenrath's (1963b) graph of temperature at San
Salvador shows that maximum temperatures occur between 1200 and 1500 hours,
and minimums occur one-~half hour or more before 0600 hours., However, actual
diurnal variations are within 2° to 4°F of those inferred from Tables S
through 7. Diurnal variations at the two mountainous stations are larger than
those at the coastal Tela where the 12.5°F in spring is the largest. Monthly
differences between mean maxima and minima for Tela range from 14° to 16°F (US
Air Weather Service, 1968). The short period of record used in Table 3 for
the airport at Tegucigalpa has absolute minimum temperatures a few degrees
higher than those for the period 1973-1981 in every season and the differences
at Tela (Table 4) are even larger. There is no overlap in the period of
record because the US Air Weather Service published its data in 1968.

Seasonal means of absolute humidity at Tegucigalpa apparently vary less with
period of record, but they are higher in the later period in all seasons
except summer. The scope of this study does not permit an investigation to
determine 1if the differences are random fluctuations, large~scale climatic
trends, or effects of increased urbanization (Stewart, 1982, and Stewart,
1984). The reader is simply cautioned that the period of record can make a
noticeable difference, and the data in Tables 5 and 6 are recent.
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I11I. PRECIPITATION, CLOUDS, AND SOLAR RADIATION

Precipitation in Honduras is normally in liquid form (Portig, 1965).
Hail is only expected to occur from one to three times a year at any given
station (Frisby, 1966; Frisby and Sansom, 1967). Snow has not been reported
in Honduras (Portig, 1965).

The amounts of rainfall at a station vary considerably from one year to
the next. A good example is Tegucigalpa where monthly and annual mean rain-
falls for the period 1938 through 1960 can be obtained by combining records
from Johannessen (1959) and Environmental Science Services Administration
(1966). The lowest mean annual rainfall from this period is the 24.96 inches
for 1950, and the highest is 54.87 inches for 1945. Five of the 23 years
received less than 30.00 inches and five received more than 45.00 inches.
Monthly means fluctuate even more. Two and 52/100 inches of rain were
recorded at Tegucigalpa in January 1945, but the values were 0.00 and 0.01 in
January 1940 and 1955, respectively. Amounts may also vary by more than an
order of magnitude in the wetter summer months., Fluctuations of monthly means
are also large at other mountainous stations and at coastal stations even
though the available periods of record are shorter,

In addition to the large year-to-year fluctuations of the amount of
rainfall for any given location, the mean annual rainfall varies considerably
throughout Honduras. Figure 2 is a map of mean annual rainfall based on data
from Portig (1965), Wernstedt (1972), and Johannessen (1959). Mean annual
rainfalls are at least 100 inches along most of the northern coast of
Honduras. Very large mean annual precipitation from 120 to more than 150
inches occurs near 88° W and 15° N. Mean annual rainfall along the Pacific
coast is near 80 inches. In other parts of the country mean annual rainfall
is smaller, and at a few stations less than 40 inches falls annually.

- L] “uw
1 1 1

- oM

P~ vl

Figure 2. Mean annual rainfall in inches.

Mean annual rainfall is not influenced by elevation in a simple or
straightforward way. The station with the highest mean annual rainfall
(152.52 inches, based on 13 years of data) among Wernstedt's (1972) sixty sta-
tions 1s at 88°05'W and 14°S51'N and has an elevation of 2131 feet (650m).
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This might seem consistent with Hastenrath's (1967) study of the Guatemalan
highlands where the largest rains occurred at elevations between 600 and

1100m. However, 13 years of data produced an average of only 26.10 inches at
an elevation of 2020 feet at 14°08'N and 86°53'W. At 14°17'N and 87°40'W

the mean annual rainfall was 39.02 inches at an elevation of 2187 feet based on
10 years of data. There is also a lot of scatter in the data at lower eleva-
tions. Mean annual rainfalls greater than 80 inches do not occur above 3000
feet according to available data.

There is evidence that the height of an observing station relative to
the surrounding land is much more important than the absolute elevation. Dry
valleys are typically surrounded by well watered mountains in Central America
(Rumney, 1968). The distribution of rain gages in Honduras is not adequate to
prove this, but the distribution of vegetation supports the belief that preci-
pitation is greater at higher elevations which surround dry valleys in
Honduras (Rumney, 1968; Hastenrath, 1967; Johannessen, 1959).

Hurricanes are not common in Honduras. Only 14 hurricanes passed over or
close to the north coast during the period 1874-1942, and only three hurri-
canes entered the interior during this period (Johannessen, 1959).

The seasonal variation of rain is large at a majority of Honduran sta-
tions. The only exception is in a very small area along the Caribbean coast
in the extreme west where the rainy season is poorly defined (Gramzow and
Henry, 1972). Gramzow and Henry examined five~day periods to determine when
the rainy season begins and ends. The rainy season begins some time in May in
the southern and eastern parts of Honduras, but it starts in June or July
along the western half of the Carribbean coast. The rainy season ends at some
time during the period October through January. Most of the area has a double
maximum during the rainy season, but the summer minimum is not deep like the
minimum during the dry season. However, Johannessen (1959) found that the
summer dry spell in the interior allowed unsurfaced roads to become passable
by truck or jeep traffic. During much of the rainy season these roads
become strips of mud with pools of muddy water, and even travel on horseback
or with carts pulled by oxen is difficult.

Figure 3 illustrates the typical double maximum at three stations in
Honduras. The graphs were plotted from monthly mean tabular data in Wernstedt
(1972). Tegucigalpa (14°03'N, 87°13'W) is an interior valley station,
and Amapala (13°17'N, 87°39'W) is on an island just off the Pacific coast.
Both stations are very dry in the winter, and each monthly mean is con-
siderably less than one inch from December through March. Puerto Lempira
(15°13'N,83°47'W) is located on the far eastern part of the Caribbean
coast., It has a minimum monthly rainfall of 2.36 inches which occurs in
March. All three stations have one maximum in June. The June rainfall is
6.46 inches at Tegucigalpa and a little more than twice as much as this at the
other two stations. Amapala and Tegucigalpa have another maximum in September
which is the wettest month at both stations. The September averages at
Tegucigalpa and Amapala are 7.17 and 19.33 inches, respectively. The second
maximum at Puerto Lempira is the 16.02 inches which occurs in October, and the
rainy season extends through January. The less rainy months in the middle of
the rainy season at Amapala and Puerto Lempira are wetter than the wettest
month at Tegucigalpa. The driest summer month at Tegucigalpa is July which
receives an average of only 3.46 inches of rain.
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Figure 4 contains two stations on the western portion of the Caribbean
coast, These stations do not have any excessively dry months., The driest
month at La Ceiba (15°47'N, 86°50'W) is May which has a mean rainfall of
3.66 inches. The least rainfall at Puerto Cortés (15°48'N, 87°56'W) is
the 4.25 inches which occurs in April, Mean monthly rainfall is above 10
inches during each month from October through January at both stations.

Puerto Cortes shows no indication of a double maximum., Its one maximum 1is the
19.41 inches which falls in Ocvtober. La Ceiba has a relative minimum of 11.26
inches in November between the 15.24 inches in October and 16.54 inches in
December, The lack of a minimum in the middle of the summer and the early
winter maximum at these two stations is consistent with the discussion of
Garcia et al. (1978). They state that this pattern is typical of many
northern and eastern coastal areas in the region which includes Central
America, northern South America, and large islands such as Cuba.

Rainfall in winter is commonly associated with "northers.” These are
north winds associated with the incursion of middle latitude fronts into low
latitudes. 1In winter the interaction of middle latitude and tropical cir-
culations may be quite intense (Bosart, 1973), and winds are sometimes
destructive (Rumney, 1968). Di Mego et al. (1976) have examined frontal incur-
sions into this region during the period 1965-~1972. Mean values which were
read from their maps are included in Table 8. Klaus (1973) examined the
period 1899-1960 and tabulated the number of frontal invasions in different
regions for each month of each year. Only 11 months of data are missing for
the region which includes Honduras. Maximum, minimum, and mean values from
Klaus are also included in Table 8, Because the area which includes Honduras
in Klaus (1973) is larger than Honduras, it is not surprising that the mean
numbers of frontal incursions from Klaus in Table 8 are larger than those
estimated for Honduras from maps by Di Mego et al. (1976). The biggest dif-
ferences are in the warmer part of the year when the intensity of these fron-~
tal zones is not so strong anyway,

Along the southern coast of Honduras much of the rain in the summer is
associated with systems known as "temporales” (Portig, 1965; Hastenrath,
1967). These atmospheric disturbances originate over the Pacific Ocean. The
rainfall comes from a thick and extended cover of nimbostratus clouds and is
of moderate intensity.

Summer rainfall normally comes in showers over most of Honduras. These
may be associated with easterly waves, or they may be relatively isolated con-
vective showers, Johannessen (1959) describes a typical summer day in the
central part of Honduras. Skies begin to cloud up in the early afternoon, and
rain begins to fall when they become deep enough. The temperature drops
8~10°F with the arrival of rain. The rain lasts about 15 minutes, and then
temperatures return almost to their former values.

There is disagreement as to how much of the rain is accompanied by
thunder. The US Air Weather Service (1968) only records a mean of 4.7 thun-
derstorms annually at Toncotin International Airport at Tegucigalpa. Portig
(1965) states that thunderstorms are common in the rainy season at
Tegucigalpa, and this agrees with the discussion of Johannessen (1959).
Portig even states that more than one thunderstorm occurs on many days at
Tegucigalpa. Portig also states that thunderstorms occur in large numbers in
the Gulf of Fonseca. Finally, even the US Air Weather Service reports 55.5
mean annual thunderstorm days at Tela.
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Figure 4. Rainfall variation on western Caribbean coast.
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Knowledge of solar radiation in Honduras is very small in comparison
with available information about precipitation, but an overall average of the
amount of solar radiation has been obtained for each month. A note of caution
is in order before this information is discussed. Atwater and Ball's (1978)
data contain differences of 15 to 30 percent for monthly total solar
radiations within distances of 200 km in the United States. Suckling's (1983)
more recent data show that daily totals can "2 extrapolated less than 15 per-~
cent as far as monthly totals. Powell's (1983) investigation also reveals
that statistically significant differences can exist between periods of record
which do not use the same type of measuring instrument.

Table 9 contains surface radiation data based on worldwide maps from Lof
et al. (1966) and DeJong (1973). The scale of the maps is small, and the ana~
lysis is obviously smoothed. Therefore, only one average value for all of
Honduras is given for each month. These are daily means of total solar
radiation (direct plus diffuse) incident upon a horizontal surface. The
annual average amount of radiation reaching the earth is approximately 450
calories per square centimeter per day. Variation throughout the year depends
upon the amount and type of clouds (Myers and Dale, 1983; Puffer, 1975), and
upon the amount of radiation which reaches the top of the atmosphere (Hess,
1959; List, 1958). The amount of radiation reaching the top of the atmosphere
in Table 9 is based on interpolations for 15° N from Table 132 of List (1958).
One sees that radiation reaching the top of the atmosphere is larger during
the period which is the rainy season at most stations than during the dry
season., Values are more than 900 cal cm™2 day‘1 in May, June, and July, and
895 cal cm~2 day~l reach the top of the atmosphere in April and August. The
minimum reaching the top of the atmosphere is the 675 cal cn~2 day‘l in
December, and 410 cal em™2 day'l reach the earth in December. In June 400 cal
em™2 day~l reach the earth even though it is much rainier than December in
most of Honduras. The largest amount of radiation reaches the earth in March
which is relatively dry at most stations. The last row in Table 9 is the dif-
ference between the amount of radiation which reaches the top of the
atmosphere and the amount which reaches the surface of the earth. This dif-
ference should be largest when the average amount of cloudiness is largest.
The largest difference is in June which has a relative maximum of rainfall at
the majority of Honduran stations (Wernstedt, 1972), and at some stations the
rainfall in June is an absolute maximum. The minimum difference is in
November which is during the dry season in most of Honduras. Furthermore,
even stations which are not really dry may have a relative minimum such as the
one La Cieba has (see Figure 4). Therefore, the solar radiation data have a
general average validity in spite of the limitations.

Seasonal variations of cloud amounts for the period 1973-1981 at Tela
and Tegucigalpa are given in Tables 10 and 11. Code numbers 1 through 8 are
cloud amounts in octas, and code number 9 indicates that the sky is obscured.
Cloud codes are greater than or equal to 5 more than one~third of the time at
all hours in all seasons at both Tela and Tegucigalpa. During the day in
summer and fall more than two~thirds of the observations are within the 5-9
range at both stations. At Tegucigalpa in the summer in the afternoon more
than nine~tenths are greater than or equal to 5. Most of the observations of
clear skies occur in winter and spring, and they are more common at night than
during the day. Clear skies occur less than one~fourth of the time even in
the winter and spring at night, Overcast and obscured skies are also more
common at night than during the day at both stations, and this difference
exists throughout the year,
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IV. VISIBILITY

Available evidence indicates that lowest visibilities in Honduras are
expected in spring. This is clearly shown in Tables 12 and 13 for the period
1973-1981 at Tela and Tegucigalpa. The first column in each table contains
the percent of time that visibility is less than or equal to 1 km (0.62 miles)
which is the criterion for the existence of fog. Spring is the season of the
most frequent occurrence of fog at both Tela and Tegucigalpa. Fog is more
common at Tela than at Tegucigalpa throughout the day in all seasons. For
example, in spring at 0600 hours fog occurs 8.9 percent of the time at Tela
and 3.0 percent of the time at Tegucigalpa. These results are consistent with
a publication by the US Air Weather Service (1968) which lists the number of
days with visibility less than one~half mile for each month at Tela based on a
four-year period. April has 2.9 days and every other month 0.0 days with
these low visibilities. Spring also has the largest percent of low visibili-~
ties 1f another threshold is considered in Tables 12 and 13. For example,
approximately half of visibilities at Tela are equal to or below 10 miles in
spring, but less than one~third of visibilities are this low during most hours
in the other seasons. At 0000, 1200, and 1800 hours at Tegucigalpa there are
also a much larger percent of visibilities equal to or less than 10 miles in
spring, but at 0600 hours spring, summer, and fall all have between 45 and 50
percent of visibilities equal to or less than 10 miles. Winter has very high
visibilities at Tegucigalpa. At 0600 hours 73.5 percent of visibilities are
greater than 10 miles at Tegucigalpa, and at other hours visibilities are even
better.

A thorough literature search did not produce frequency distributions of
vigsibility in Honduras, and therefore information from neighboring El Salvador
has been examined. Hastenrath (1963a) studied data from Ilopango Airport (13°
42°'N, 89°07'W, 615m) near San Salvador., Fog almost never occurs from
October through March and it exists only one percent of the time from April
through September., Even visibilities less than or equal to 5 km (3.1 miles)
are rare from October through February. April has 15 percent of visibilities
less than or equal to 5 km. This high portion of low visibilities coincides
with the last part of the dry season. 1In April 40 percent of visibilities are
less than or equal to 10 km (6.21 miles). No other month has more than 12
percent of visibilities less than or equal to 10 km. Visibilities greater
than 80 km (49.7 miles) occur 24 percent of the time in October and December,
and these large visibilities occur at least 9 percent of the time from October
through February. Visibilities greater than 80 km are uncommon from March
through September at Ilopango Airport.

Tables 14 and 15 are contingency tables which show the relationship be-~
tween visibility and cloud amount at Tela and Tegucigalpa. When visibilities
are greater than 10 miles at these stations, overcast and obscured skies are
only half as likely as they are when all visibilities are combined. When
visibilities are between 0.62 and 5 miles, the probability of overcast and
obscured skies is more than three times as large as when all visibilities are
combined. Thus, at Tela 52.4 percent of the observations with visibility be-
tween 0.62 and 5 miles are in the cloud category 8-9, but only 14.8 percent of
all observations are in this cloud category. Because more than two~thirds of
all visibilities are greater than 10 miles at Tela and Tegucigalpa, the
inverse relationship between visibility and cloud amount does not mean that
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the probability of good visibility with overcast and obscured skies 1s negli-
gible, If the cloud amount is 8 or 9 at Tela, the probability that the visibi-
lity is greater than 10 miles 1is 26.6 percent, and at Tegucigalpa it is 30.4
percent. More than one~half of all observations simultaneously have more than
50 percent cloud cover and more than 5 miles visibility,

V. WIND

This section includes discussions of wind speed at Tela, Tegucigalpa, Swan
Island, and two marine areas. Wind speeds are related to wave heights in the
marine areas.

Table 16 contains seasonal mean wind speeds for the hours 0000, 0600,
1200, and 1800 at Tela and Tegucigalpa. Weakest winds occur at 0600 hours at
both stations. Strongest winds occur at 1200 or 1800 hours, and speeds are
approximately equal at these two hours except in fall when the wind at 1200
hours is definitely stronger than the wind at 1800 hours. The winds at noon
are more than four times as large as the very weak winds at 0600 hours in all
seasons at Tela, Strongest winds at Tela occur in the summer, but they are
almost as strong in spring. Winds are stronger at Tegucigalpa than at Tela
throughout the day throughout the year. The difference is small in the summer
afternoon. At 1800 hours the mean wind in summer is 3.6 m/sec at Tela and 3.8
m/sec at Tegucigalpa. Strongest winds at Tegucigalpa occur in winter when the
mean speed is 4.8 m/sec at 1200 hours.

Table 17 contains data from the US Air Weather Service (1968) for Tela.
The annual average portion of the time that wind speeds are greater than or
equal to 17 knots (8.74 m/sec) is only 1.6 percent. These speeds are most
frequent in February and March when they occur more than four percent of the
time. Speeds greater than or equal to 28 knots (14.40 m/sec) occur at least
one percent of the time in February and March, but the annual average is only
0.4 percent,

Detailed information on wind speeds at Swan Island were readily available
from previous studies such as Essenwanger and Stewart (1983) and Stewart and
Essenwanger (1978). Table 18 contains monthly frequency distributions of wind
speed at Swan Island. Maximum wind speeds are 15 m/sec in February and March,
but they are 13 m/sec or less in the remaining 10 months. Maximum speeds are
either 10 or 11 in each month from April through August. In all months mini-
mum speeds are (0, and means are greater than medians, The lowest monthly mean
speed is the 4.4 m/sec which occurs in October, and the highest is the 6.0
m/sec in March.

Table 19 is a contingency table which relates wind speed and wave height
for the Caribbean area which extends north from Honduras and is centered near
British Honduras. The annual average percentages in Table 19 were obtained
from marine surface observations by the Naval Weather Service Command (1974).
Because all numbers are rounded, the row and column sums are not always equal
to the sum of the numbers as given in the table. Large speeds are associated
with high waves. Observations with winds in the speed category 34-47 knots
have wave heights of 12 feet. Speeds greater than 47 knots occur less than
0.1 percent of the time if they occur at all, and each wave height category
greater than 12 feet occurs 0.0 percent of the time. Waves from 0 to 4 feet
are expected with winds from 0 to 3 knots (1 knot = 0.5144 m/sec). Speeds in




the category 11-21 knots can be assoclated with waves in all categories from 0O
through 12 feet, but most coincide with wave heights from 3 to 6 feet. More
than two-thirds of all wave heights are less than or equal to 4 feet, and more
than 99 percent are below 10 feet. More than 95 percent of wind speeds are
less than 22 knots. Therefore, the maritime area north of Honduras typically
has low waves and low speeds.

Table 20 contains annual average percentages of observations in a con-
tingency table of wind speed and wave height for an area of the Pacific Ocean
which includes the south coast of Honduras. The center of the region is south
of Honduras and is off the Nicaraguan coast (Naval Oceanography Command
Detachment, 1981). Wave heights are expected to be less than or equal to 16
feet, and speeds are normally less than or equal to 47 feet. Average wind
speeds and wave heights are lower than they are north of Honduras,

VI. SUMMARY AND CONCLUSIONS

The terrain of Honduras is quite rugged, and consequently the climate 1is
not uniform. The coastal areas generally have wet, tropical climates, and
cooler and drier conditions prevail in the mountainous interior where eleva-
tions reach nearly 3 km. The highest observing station is just below 2 km.

Both temperature and absolute humidity are higher near the coast than in
the mountainous part of the country. Mean annual temperature at Tela is near
78°F and that at Tegucigalpa is near 71°F. Mean annual absolute humidity is
approximately 20 g/m3 at Tela and 13 g/m3 at Tegucigalpa. Mean diurnal
variation of absolute humidity is less than 2.0 g/m3 at both stations, and the
seasonal variation is larger with a minimum in winter and a maximum in summer.
Diurnal variation of temperature is approximately 15°F at Tela and a few
degrees more at Tegucigalpa. Differences between the warmest and coolest
month are less than 10°F at stations throughout Honduras. Highest tem~
peratures occur in the spring in the mountainous areas, but summer may be
slightly warmer at coastal stations such as Tela,

Visibilities in Honduras are lowest in spring, and fog is most common at
0600 hours. In spring at 0600 hours fog occurs 8.9 percent of the time at
Tela and 3.0 percent at Tegucigalpa. Only about half of visibilities are
greater than 10 miles throughout the day in spring at Tela, but more than two-
thirds exceed 10 miles during most hours in other seasons. At Tegucigalpa
73.5 percent of visibilities exceed 10 miles at 0600 hours in winter, but only
slightly more than half of visibilities are this large at this hour in other
seasons, At 0000, 1200, and 1800 hours at Tegucigalpa visibilities are worst
in spring. Visibilities at Tegucigalpa are particularly good at noon in
winter when 89.2 percent are greater than 10 miles.

@

D There is some tendency for low visibility to be associated with large

5{: cloud amount in annual summaries of all individual observations for Tela and
oo Tegucigalpa., This is consistent with the fact that skies are more likely to
. be overcast or obscured at 0600 hours than at 1200 hours in all seasons at

T both stations while lower visibilities occur at 0600 hours. However, the

'@ relationship is not very reliable when seasons are compared. Overcast skies
e are much more common in fall than in spring which is the season of lowest visi-
L}f bilities. Spring is also the season with the largest percentage of clear skies.
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:}2 The low cloud amounts in spring coincide with the season during which
e maximum amounts of solar radiation reach the earth in Honduras. The annual

. average is approximately 450 cal cm~2 day'1 for all of Honduras. The means

v are 540, 505, and 470 cal cm~2 day in the spring months of March, April, and
. May, respectively. During November and February approximately 470 cal cm™2
day~l reach the earth. The solar radiation which reaches the earth during
the remaining seven months is below average. The minimum is the 400cal cm™2

N day~! which occurs in June in spite of the fact that more solar radiation

- reaches the top of the atmosphere in June than in March or April.

The annual variation of the receipt of solar radiation at the surface is
related to the overall average variation of precipitation which never falls as
snow. The typical pattern of rainfall in Honduras has two maxima in the warm-
est part of the year. This pattern prevails along ths south coast, in the
mountainous interior, and along the far eastern part of the Caribbean coast,

) The first maximum occurs in June and the second in September or October. The
" summer minimum is not as dry as the minimum during the cooler part of the
- year. Monthly means less than one inch often occur from December through
R March in the mountainous interior and along the Pacific coast. The rainy
) season extends through January along the far eastern Caribbean coast, and the
~- driest month has at least two inches of rain. Along the central and western
) part of the Caribbean coast the driest month typically has more than three
& inches of rain, and it may occur as late as May. A maximum does not normally
; occur before October in the western part of the Caribbean coast, and there may
e be only one maximum. In the extreme western part of the Caribbean coast the
= rainy season may not be well defined. Mean annual rainfalls are at least 100
inches along most of the northern coast of Honduras. Mean annual rainfall
along the southern coast is near 80 inches. At some stations in the interior
the annual average is less than 40 inches. This spatial variation in the
interior is not easily explained. The annual rainfall varies considerably
from one year to the next. For example, during a 23-year period at
Tegucigalpa the lowest annual rainfall was 24.96 inches and the highest was
54.87 inches. Fluctuations of monthly means are even larger. Coastal sta-
tions also show large year-to-year fluctuations of amount of rainfall.

R

The final variable which is examined in this report is wind speed. Mean
winds are strongest in winter at Tegucigalpa, in spring at Swan Island, and in
summer at Tela, according to our data. Mean winds in summer and spring are
not much different at Tela, and there is evidence in the work of others that
maximum speeds occur in spring at Tela during the periods of record which they
used. The lowest monthly mean speed at Swan Island is the 4.4 m/sec in
October and the highest is 6.0 m/sec in March. Speeds are lower at Tela and
Tegucigalpa where diurnal variations were examined. Minimum speeds at these
stations occur near daybreak, and maxima are in the afternoon. Highest mean
speeds at Tegucigalpa for any time of day are near 5 m/sec, and those at Tela
are below 4 m/sec. Finally, marine areas off both coasts were considered to
compare wind speed with wave height., Ninety-~five percent of the waves are
below six feet in the Pacific, and 92 percent are below six feet in the
Caribbean, Higher speeds tend to be associated with higher waves. Speeds
greater than 48 knots (24.7 m/sec) occur less than 0.1 percent of the time in
both areas.
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TABLE 2. Absolute Maximum and Minimum Temperatures in Degrees Fahrenheit

Absolute Absolute
Location Source Maximum Minimum
North Coastal Stations
Guanaja Johannessen 96.0 58,
La Ceiba Johannessen 93.0 41.
Tela Johannessen 95.0 57.
Tela US Air Wea Ser 96 58
Tela DRSMI-RRA 102.6 28.4*
San Pedro Sula Johannessen 106.0 49.6
Interior Valley Stations
Catacamas Johannessen 103.0 39.0
Telica Johannessen 100.4 52.7
Comayagua Johannessen 101.0 39.0
Villa de San Antonio Johannessen 102.0 42.8
Tegucigalpa (airport) Johannessen 96.0 39.1
Tegucigalpa (airport) US Air Wea Ser 92 35
Tegucigalpa (city) Johannessen 96.8 44.0
Tegucigalpa Showers 93 44
Tegucigalpa DRSMI-RRA 104.4 21,2*
Yoro Johannessen 103.0 51.0
South Coastal Stations
Nacaome Johannessen 104.0 62.0

* These minimum temperatures are based on data which were examined carefully.

They appear to be correct even though they are much lower than those found
in previous records.
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TABLE 5. Seasonal and Diurnal Variation of Temperature and Absolute
Humidity at Tela for the Years 1973-1981,
Season
Variable Hour
Winter Spring  Summer Fall
Temperature
(°F) 0000 72.0 76.6 77.7 75.1
0600 69.7 73.4 75.3 73.7
0900 74.7 79.9 81.1 78.8
1200 79.3 85.2 86.5 82.9
1500 79.8 85.9 86.6 82.7
1800 76.7 82.3 83.3 79.5
2100 73.2 78.7 80.3 76.7
Absolute Humidity
(g/m°) 20,0  21.0 19.7
18.5 19.7 18.8
19.5 21.0 19.8
20.4 21.6 20.6
20.6 21.4 21.0
20.2 21.2 20.3
20.1 21.0 20.1
--------------------------------- RO PRPR AL M S WAL R TR T AT (VAR -4




TABLE 6. Seasonal and Diurnal Variation of Temperature and Absolute
Humidity at Tegucigalpa for the Years 1973-1981.

Season
Variable Hour
Winter Spring Summer Fall
Temperature
(°F) 0000 64.3 70.2 69.2 67.7
0600 60.9 65.1 66.8 65.7
0900 65.5 71.9 71.4 70.1
e 1200 73.0 79.5  77.3 76.0
7 1500 76.6 83.1  80.3 78.2
%_‘; 1800 73.7 80.0 77.3 74.9 |
= 2100 67.9 73.9 71.8 70.0 |
[ Absolute Humidity j
o (g/m3) 0000 12.0 13.0  14.4 14.3
h 0600 1.6 12.8 14.3 14.0 |
A 0900 11.6 12.7 14.2 14.1
. 1200 11.4 11.9 13.6 13.7
1500 1.2 1.4 13.3 13.8
1800 11.5 11.9 13.7 14.1
2100 1.9 12.8 14.2 14.4
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TABLE 7. Sea§opa1 and Diurnal Variation of Temperature and Absolute
Humidity at San Salvador Computed from Hastenrath (1963b).

Season
Variable Hour
Winter Spring  Summer Fall
Temperature
(°F) 0009 66 69 68 68
0600 63 67 67 66
: 0900 74 78 77 76
X 1200 81 85 82 81
. 1500 83 84 82 80
L 1800 74 76 75 72
] 2100 69 7 A 70
Absolute Humidity
(g/m%) 0000 12.5 14.9  16.1 15.2
0600 11.9 14.4 15.9 14.8
0900 12.7 15.2 17.0 16.3
1200 12.2 14.5 16.9 16.3
1500 12.1 15.6 16.9 16.2
1800 13.1 16.2 17.4 16.3
2100 12.7 15.3 16.7 15.8
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TABLE 10. Cloud Amounts at Tela, Honduras.

Cloud Amount

Season Hour
0 1-4 5.7 8-9
K- Winter 0000 16.4 33.3 28.7 21.6
o 0600 9.0 44.4 27.8 18.8
- 0900 6.9 43.9 33.0 16.2
'\! 1200 3.2 49.6 32.6 14.6
NS 1500 0.5 48.0 38.3 13.2
- 1800 2.4 40.8 82.7 14.1
= 2100 1.7 38.3 32.2 17.8
Spring 0000 18.4 39.8 30.6 1.2
0600 1.7 37.2 37.8 13.3
0900 13.7 39.6 35.5 1.2
1200 1.7 44.6 38.7 9.0
1500 10.6 42.8 39.2 7.4
1800 9.3 40.0 41.9 8.8
2100 18.0 44.2 27.0 10.8
Summer 0000 3.3 40.0 42.0 14.7
0600 1.7 24.3 63.6 10.4
0900 0.7 25.6 66.7 7.0
1200 0.4 32.0 61.1 6.5
1500 0.0 24.5 67.8 7.7
L. 1800 0.0 13.1 74.6 12.3
Efi: 2100 0.0 26.3 55.8 17.9
S Fall 0000 2.3 33.9  37.3  26.5
F 0600 1.5 20.1 56.2 22.2
2 0900 0.9  24.6  55.4 19.1
h 1200 0.3 25.9 57.8 16.0
N 1500 0.0 21.4 63.0 15.6
gif“ 1800 0.0 17.5 61.7 20.8
L 2100 1.5 30.1 40.3 28.1

Note: Codes 1 through 8 are cloud amounts in octas,
and code 9 indicates that the sky is obscured.




TABLE 11.

Cloud Amounts at Tegucigalpa, Honduras.

Cloud Amount

Season Hour
0 1-4 5-7 8-9
Winter 0000 14.9 38.6 38.3 8.2
0600 3.0 42.1 47.1 7.8
0900 1.5 43.2 51.3 4.0
1200 0.9 43.6 53.0 2.5
1500 0.9 39.3 58. 1 1.7
1800 1.1 44.5 50.8 3.6
2100 16.5 40.8 38.4 4.3
Spring 0000 21.0 32.2 33.0 13.8
0600 2.8 43.1 46.1 8.0
0900 2.5 45.8 45.6 6.1
1200 1° 43.6 50.7 4.1
1500 1.1 34.2 60.9 3.8
1800 1.5 37.3 52.3 8.9
2100 18.8 35.5 33.0 12.7
Summer 0000 2.1 26.6 49.9 21.4
0600 0.6 14.9 n.3 13.2
0900 0.0 1.9 79.7 8.4
1200 0.0 10.3 83.3 6.4
1500 0.0 9.4 86.2 4.4
1800 0.0 9.7 80.4 9.9
2100 1.5 21.1 53.1 24.3
Fall 0000 2.7 22.0 50.2 25.1
0600 0.4 18.5 64.4 16.7
o 0900 0.0 19.1 74.7 6.2
- 1200 0.0 13.5 81.9 4.6
o 1500 0.0 9.6 86.6 3.8
w 1300 0.0 13.4 75.4 1.2
j’i 2100 2.1 22.9 50.5 24.5
§;§ Note: Codes 1 through 8 are cloud amounts in octas,
i~ and code 9 indicates that the sky is obscured.
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TABLE 12. Cumulative Percent of Visibilities Less Than or Equal to
Threshold Values at Tela for 1973-1981.

Visibility Threshold (miles)

Season Hour
<0.62 <1 <2 <3 <5 <10
Winter 0000 1.5 2.1 5.6 6.2 13.3 28.2
0600 2.3 2.3 5.6 7.1 10.9 22.9
1200 0.8 0.8 4.2 5.3 10.1 21.8
1800 1.2 1.2 3.6 4.8 9.0 23.1
Spring 0000 4.1 4.1 5.1 6.1 19.4 44 .9
0600 8.9 8.9 13.3 15.6 21.1 55.6
1200 6.8 6.8 15.3 18.9 29.7 51.4
1800 5.6 6.0 10.2 12.6 21.4 47 .0
Summer 0000 1.3 1.3 1.3 2.0 8.7 47.3
0600 1.7 1.7 2.5 2.5 4.2 29.3
1200 1.5 1.5 2.2 2.9 6.5 20.0
1800 0.8 0.8 2.8 3.6 15.9 40.5
Fall 0000 2.3 2.3 5.6 6.2 11.9 37.9
0600 1.8 1.8 5.8 6.6 10.9 27.7
AN 1200 1.9 1.9 4.1 5.8 10.7 24.0
; X 1800 3.4 3.4 5.7 6.4 11.7 32.2
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TABLE 13.

Threshold Values at Tegucigalpa for 1973-1981.

Visibility Threshold (miles)

Season Hour
<0.62 <1 <2 <3 <5 <10
Winter 0000 0.0 0.0 0.4 6.9 3.9 16.8
0600 0.5 0.5 1.6 1.8 8.3 26.5
1200 0.0 0.0 0.3 0.3 3.2 10.8
1800 0.2 0.2 0.4 0.5 3.2 1A
Spring 0000 0.4 0.4 1.9 4.1 16.0 44.7
0600 3.0 3.0 5.9 8.7 22.8 48.2
1200 1.8 2.0 3.9 6.5 15.3 30.1
1800 1.7 1.7 5.2 8.1 19.0 31.8
Summer 0000 0.2 0.2 0.6 0.8 5.7 29.8
0600 0.6 1.0 4.1 5.1 16.5 45.6
1200 0.2 0.2 0.8 1.0 4.8 16.]
1800 0.6 0.6 2.4 3.9 8.4 22.7
Fall 0000 0.2 0.2 2.1 3.3 10.4 37.
0600 1.5 1.5 3.6 6.4 18.0 48.3
1200 0.2 0.2 0.8 1.0 2.7 2.7
1800 0.2 0.4 2.6 3.7 11.0 25.5
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TABLE 14. Contingency Table of Observations Classified According
to Visibility and Cloud Amount for 1973-1981 at Tela.

Visibility Cloud Amount

(miles) 0 1-4 5-7 8-9 Total

V<0.62 46 32 12 91 181
(0.7) (0.5) (0.2) (1.3) (2.6)

0.62<V<5 30 104 201 369 704
(0.4) (1.5) (2.9) (5.3) (10.1)

5<V<10 31 275 708 295 1309
(0.4) (4.0) (10.2) (4.2) (18.8)

10<V 203 1911 2368 273 4755
(2.9) (27.5) (34.1) (3.9) (68.4)

TOTAL 310 2322 3289 1028 6949
(4.5) (33.4) (47.3) (14.8) (100.0)

Note: Numbers in parentheses are percents.
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TABLE 15. Contingency Table of Observations Classified According
to Visibility and Cloud Amount for 1973-1981 at Tegucigalpa.

Visibility Cloud Amount

(miles) 0 1-4 5-7 8-9 Total

V<0.62 6 22 27 33 88
(0.0) (0.2) (0.2) (0.2) (0.6)

0.62<V<5 65 218 650 394 1327
(0.5) (1.6) (4.6) (2.8) (9.5)

5<V§j0 52 369 1554 485 2460
(0.4) (2.6) (11.1) (3.5) (17.6)

10<V 367 3404 5964 399 10134
(2.6) (24.3) (42.6) (2.8) (72.3)

TOTAL 490 4013 8195 13N 14009
(3.5) (28.6) (58.5) (9.4) (100.0)

Note: Numbers in parentheses are percents.
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TABLE 16.

Mean Wind Speeds in m/sec for Tela and Tegucigalpa
for the Period 1973-1981.

HOUR
Station Season
0000 0600 1200 1800
Tela Winter 1.2 0.6 2.7 2.2
Spring 1.1 0.4 3.4 3.5
Summer 1.0 0.4 3.5 3.6
Fall 0.8 0.6 2.9 1.8
Tegucigalpa Winter 2.8 2.3 4.8 4.5
Spring 2.6 1.6 4.1 4.4
Summer 1.8 1.5 4.0 3.8
Fall 2.0 1.8 4.4 3.7

f'TvTIv'Y'Y‘

e e g ey

.-.a S e
IR T

. [T ]

Bt

' Rt B RS T T
PR R
Wt S

PR S S

MR e S o

L3 "- . .
' h "alaTa"e"a



ORI fﬂﬂmi

ALy

i

<,
-

WG

o,

; ..u

(<))
o~
6°0 9°0 0°0 £°0 0°C 0°0 0°0 0°0 0°0 2°L 0°L 0°0 (9°S/Wop'vL) sjouy gz < %
£°2 L°€ 9°0 £°0 0°0 0°0 0°0 L'L 0°0 8% 2% 80 (93s/wyp/'g) SIOW /L < %
a_ N 0 S ¥ £ 0 W ¥ W 4 T
HLNOMW
A (8961 ‘@ILAUDS 4BYIEAM ALY SN) SEUNPUOH ‘B3] B SAN|eA PLOYsa4yL om 03 |enb3 Jo
m. ueyj] 433e3ug Spasddg PuLM 10 JuUIDUD4 BY3 JO uoLINQLUISL] Alyjuow °/] 379Vl
v
v
b
.
A
A
2 .
g et B N N s s
" ... .r\.....a\f\..............-' ﬁ. MO



SLGLY, |

T

%
i
’
k¢
X
%
IS
X
g
[ =
%

ﬁ.
22y 2z €L 86 pll §6 06 v'8 2§ L€ 0€ L2 0  43quadag d
€Ely 8L 2l €S 60l L6 28 €L 6% GE 82 02 0  43quanoN A
9y L'z €l vy voL €8 2L 99 €% L2 9l /L0 0 4390330 =
N>
v 2z 2zl 6 2Ll 6 28 L't 9v 9T 02 9L 0 J3quazdas g
82y &L oL [y 26 SL 0L ¥9 9% 0€ €2z 81 0 3snbny P
62y 9°L Ol 2'S p6 S8 ¥L 0L 0§ 9'€ 0¢€ 22 0 Ainp :
i
8ly 02 L 8S SO0L 96 88 L'8 9 8E€ GE 22 0 aunp 2
q
92y 'L oL 'S €6 §8 S§L 0L 6% 9°C 82 02 0 Aoy Px
ply  6°L lL £'s §0L (6 88 '8 2§ (€ €€ €2 0 L tady A
sly €2 Sl 09 v2gl €0l 26 ('8 §§ L€ 0°E 02 0 youey K
(L€ zz Sl 66 L'zl 00l L6 S8 v'S L€ 2E 22 0  Adenuqay 0
ey L2 €L 9's  v'll s6 88 08 L'S 9€ 82 L2 0 Aaenuep 5
$q0 066 0°S6 0°06 L'»8 005 6°SL 0°0L 0°S X7
*oN O xey ueay ULW  YIUOW
(%) spLOysauayl A31|1qeqoud ..su

W "SBANPUOH ‘pue|S] ueMS 3B (J3S/w) PaadS puilM JO suoLngiuisig Adousnbauy "8l 378VL ;

<

N

Wl

(AR




0°ool 0°0 L'o A 2'6v 6°6¢ §°9 Lejol

0°0 0°0 0°0 0°0 0°0 0°0 0°0 (8 <
0°'0 0°0 0°0 0°0 0°0 0°0 0°0 98-1¢
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0L-19
0°0 0°0 0°0 0°0 0°0 0°0 0°0 09-6¥
0°0 0°0 0°0 0°0 0°0 0°0 0°0 8h-LY
0°0 0°0 0°0 0°0 0°0 0°0 0°0 ob-€¢
0°0 0°0 0°0 0°0 0°0 0°0 0°0 2€-9¢
0°0 0°0 0°0 0°0 0°0 0°0 0°0 GZ-€¢
0°0 0°0 0°0 0°0 0°0 0°0 0°0 ¢¢-0¢
0°0 0°0 0°0 0°0 0°0 0°0 00 6L-L1
0°'0 0°0 0°0 0°0 0°0 0°0 0°0 91-€lL
2'0 0°0 L°0 0°0 L'0 0°0 0°'0 el -
€°0 0°0 0°0 20 L°0 0°0 0°0 Lt-ol
6°1 0°0 0°0 9°0 ¢’ L0 0°0 6-8
6'Y 0°0 0°0 8°0 L€ €0 0°0 L
Ll 0°0 0°0 L2 L€ 0°¢ 0°0 9-G
£€°9¢ 0°0 0°0 S°0 A Gl 2’0 b-t
L°0€ 0°0 0°0 0°0 '8 €°0¢ ¢°e ¢-1
0'8 0°0 0°0 0°0 L0 L€ [ 1>
Leiol 8y < Lh-vE ge-2¢ te-tt ol-¥ €-0 (3993)
yb61ay
(s3ouy) paads puLM aneN
m *[pl61 PUBLWO) DILAUBS UBYIedM [PAEBN) SBUNPUOH YSLilug
" JR3N SPUNPUOH JO UJAON ©3S LeaqqL.4e) 3yl ul JybLay aAem SNSUSA
v paads puiM JO uOL3IOUN4 € SP SUOLIPAUISO( JO JUIIUI4 3beudAy (enuuy "6l J9VL
:
:
),
r\
Y
y .

.
.

LA I IR )
0, 8, 0, 8 b B

| AR RARRAAL JALX LA Nl AP, AT




¢ oot 0°0 L0 22 €°6¢ €°¢€s L6l Lejol

0°0 0°0 0°0 0°0 0°0 0°0 0°0 (8 <
0°0 0°0 0°0 0°0 c'0 0°0 0°0 98-1¢
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0L-19
0°0 0°0 0°0 0°0 0°0 0°0 0°0 09-6%
0°0 0°0 0°0 0°0 0°0 0°0 0°0 8h- b
0°0 0°0 0°0 0°0 0°0 0°0 0°0 Ot-€€
0°0 0°0 0°0 0°0 0°0 0°0 0°0 2€-92
0°0 0°0 0°0 0°0 0°0 0°0 0°0 §2-€2
0°0 0°0 0°0 0°0 0°0 0°0 0°0 22-02
0°0 0°0 0°0 0°0 0°0 0°0 0°0 6L-LL
L0 0°0 0°0 0°0 0°0 0°0 0°0 9L-€l =
L"0 0°0 0°0 L0 0°0 0°0 0°0 2L
t°0 0°0 0°0 2°0 L°0 0°0 0°0 LL-olL
0°1L 0°0 0°0 £°0 9°0 L°0 0°0 6-8
2°¢ 0°0 0°0 9°0 "2 v°0 0°0 L
G'6 0°0 0°0 9°0 £°9 v°2 2°0 9-g
8'22 0°0 0°0 v°0 6°6 6°LL 9°0 =€
£ L€ 0°0 0°0 0°0 8°G L2 L€ 2-1
G'62 0°0 0°0 0°0 £°0 9°01 Syl L >
Le3oL 8y < Ly-¥€ £€-22 L2-Lt oL~ €-0 (3934)
(sjoux) paads puip u:mwwn

*(1861 ‘3uswydelaq puewwo) Aydeaboueads [eaey) enbneudesiy
JAB3N SRANPUOH JO YINOG URAD() OdLilded 3yl ul JYSLIH 3ARM SnSUI\
poads pulf J0 UOLIdUN4 B SB SUOLIRAUISQQ 4O JUBDU3J abeudAy [enuuy °0Z 319YL

L) ,..‘.A‘-......\..\-H..b.. .- AL A

s ’
‘ala a0 2 s matataa¥aa%all S DL RPN



. .‘r.o:, .'.’ l"l. a".v' .-...
SRR O A PRI,

.
2 »
Ly

[
.t

Lot o LA
CACALA

%y ' e
[

DM Ol LTl
Y YN I

4
.,

RAP AP EE

o .".

O Y

Tae s *
R
e
R

PR

REFERENCES

Atwater, M. A., and Ball, J. T., "Intraregional Variations of Solar Radiation
in the Eastern United States.” J. Appl. Meteor., 17, 1978. pp 1116~1125.

Bosart, L. F., "A Synoptic Investigation of Anamolous Warmth in the Mid and
Upper Troposphere During February 1964.” J. Appl. Meteor., 12, 1973, pp 3~11.

DeJong, B., Net Radiation Received by a Horizontal Surface at the Earth,
Delft University Press, Rotterdam. 1973. 50 pp.

DiMego, G. J., Bosart, L. F., and Endersen, G. W., "An Examination of the
Frequency and Mean Conditions Surrounding frontal Incursions into the Gulf of
Mexico and the Caribbean Sea,” Mon. Wea., Rev.,, 104, 1976. pp 709-718.

Essenwanger, O. M., and Stewart, D. A., Wind Speed, Stability Category, and
Atmospheric Turbulence at Selected Locations, Technical Report RR-83~2, US
Army Missile Command, 1983. 73 pp.

Environmental Science Services Administration, World Weather Records, Vol. 3,
South America, Central America, West Indies, the Caribbean, and Bermuda, US
Dept. of Commerce, Washington, 1966. 355 pp.

Frisby, E. M., Hail Incidence in the Tropics, Part 11, Technical Report ECOM
2768, October 1966.

Frisby, E. M., and Sansom, H. W., "Hail Incidence in the Tropics,” J. Appl.
Meteor., 6, 1967, pp 339-~354.

Gale Research Co., Countries of the World, Book Tower, Detroit, 1983.
pp 572-575.

Garcia, 0., Bosart, L., and DiMego, G., "On the Nature of the Winter Season
Rainfall in the Dominican Republic,” Mon., Wea. Rev., 106, 1978. pp 961~982.

Gramzow, R. H., and Henry, W. K., "The Rainy Pentads in Central America,”
Jo Appl. Meteor., 11, 19720 pp 637-642-

Hastenrath, S., "Uber die Sichtverhfltnisse in San Salvador und ihre
Abhdngigkeit von Meteorologischen Factoren,” Archiv, Meteor. Geophys. Biokl.,
Serie B, 13, 1963a. pp 98-107.

Hastenrath, S., "Der Tagesgang von Temperatur und Luftfeuchtigkeit in San
Salvador,"” Geofis. Pura Appl., 56, 1963b. pp 225-231.

Hastenrath, S. L., "Rainfall Distribution and Regime in Central America,"
Arch., Meteor. Geophys. Bioklim., B, 15, 1967. pp 201-241.

Hess, S. L., Introduction to Theoretical Meteorology, Henry Holt and Co., New
York, 1959. pp 128-138.

Johannessen, C. L., The Geography of the Savannas of Interior Honduras,
Technical Report, Dept. of Geography, University of California, Berkeley,
1959, Available NTIS, No. AD766816.

33




B -‘.-‘.

R o

L)
»
»
’

”
¢
i

v

L AP S M
X e’ . .
.""'.‘""-.":"":'."f'.-"a';‘f'

=
,l

Ing o 3
AR e l‘." .. ..4‘

..-..-"-lr
5 %N
AT

[
)

T

AN
SIS

-

et e eVt

LI ool )

Klaus, D., "Las Invasiones de Aire Frio en los Tropicos a Sotavento de las
MontaWas Rocallosa,” Geofisica Internacional, 13, 1973. pp 99-143.

List, R. J., Smithsonian Meteorological Tables, Smithsonian Institute,
Washington, 1958. 527 pp.

L6f, G. O. G., Duffie, J. A., and Smith, C. 0., "World Distribution of Solar
Radiation,” Solar Energy, 10, 1966. pp 27-37.

Myers, T. P., and Dale, R. F., "Predicting Daily Insolation with Hourly Cloud
Height and Coverage,” J. Cli. Appl. Meteor., 22, 1983. pp 537-545.

Naval Oceanography Command Detachment, Asheville, N. C., Summary of Synoptic
Meteorological Observations (SSMO), Central American Coastal Marine Areas,
West Coast, Volume 2, 1981. Available NTIS, No. AD 097707.

Naval Weather Service Command, Summary of Synoptic Meteorological Observations
Caribbean and Nearby Island Coastal Marine Areas, Vol. 1, 1974. Available
NTIS, No. AD 787723.

Portig, W. H., "Central American Rainfall,"” Geogr. Rev., 55, 1965. pp 68-90.

Powell, G. L., "Instrumental Effects on the sunshine Records,
Meteor., 22, 1983. pp 962-963.

J. Cli. Appl.

Puffer, R. H., "Artificial Design Factors for Insolation,” Thesis submitted to
Colorado State University at Fort Collins in partial fulfillment of the degree
of Master of Science, 1974. 103 pp.

Rudloff, W., World-Climates, Wissenschaftliche Verlagsgesellschaft, Stuttgart,
1981, pp 488-493.

Rumney, G. R., Climatology and the World's Climates, MacMillan, New York.
1968, pp 511-518.

Showers, V., The World in Figures, John Wiley and Sons, New York, 1973. p 451.

Stewart, D. A., Urban Influences on Fog, US Army Missile Command Technical
Report RR-83-1, 1982.

Stewart, D. A., "Trends of Wind Speed in Fog," accepted for publication in
Arch, Meteor. Geophys. Bioclim., Ser, B., 1984.

Stewart, D. A., and Essenwanger, 0. M., "Frequency Distribution of Wind Speed
Near the Surface,” J. Appl. Meteor., 17, 1978. pp 1633-1642.

Suckling, P. W., "Extrapolation of Solar Radiaiion Measurements, Mesoscale
Analyses from Arizona and Tennessee Valley Authority Regions,™ J. Cli. Appl.
Meteor., 22, 1983. pp 488-494.

US Air Weather Serivce, US Naval Weather Service World-Wide Airfield
Summaries, Vol., 7, Central America, Environmental Technical Applications
Center, 1968. Avallable Clearinghouse for Federal Scientific and Technical
Information, AD 671845,)

34




Wernstedt, F. L., World Climatic Data, Climatic Data Press, Lemont, PA, 1972.

pp 130-132.

Worldmark Press, Worldmark Encyclopedia of the Nations: Americas, John Wiley
and Sons, New York, 1976. pp 173-180.

Young, M. W., Cities of the World, Gale Research Company, Detroit, 1982. pp
187-196.

35

o 4T e NN T N N AT ST . . e taT T e e S Y, e
L R Y R R A TR P T T A T T TG AT AR AT T P .‘

"y a



_-.,» L R ) At e A AT T A LA A R R PRI e Ste s NS A » .
0

s
N
.'!'-
< DISTRIBUTION
AN No. of
o Copies
:f\ Commander

-~ US Army Test and Evaluation Command
::? ATTN: NBC Directorate
s AMSTE~EL 1
o ~BAF 1

- Mr. Alfred H. Edwards 1
g Aberdeen Proving Ground, MD 21005

&N Commander

Y US Army Ballistics Research Laboratories

N ATTN: AMXBR~-B/LA/Ken Richer 3
K: Aberdeen Proving Ground, MD 21005
R US Army Materiel Systems Analysis Activity
- ATTN: AMXSY-MP 1
o Aberdeen Proving Ground, MD 21005
® US Army Materiel Command
v ATTN: Dr. Gordon Bushy 1
X Dr. James Bender 1
T 5001 Eisenhower Avenue
AN Alexandria, VA 22333
y Director

x Defense Advanced Research Projects Agency 1
N 1400 Wilson Blvd
2{. Arlington, VA 22209

= Office of Naval Research/Code 22:

ATTIN: D. C. Lewis 1

> 800 N. Quincy Street
e Arlington, VA 22217

-
e National Climatic Center
:Va ATTIN: Technical Library 1
'® Arcade Bldg
A Asheville, NC 28801
- USAFETAC/OL~A
Yo Federal Bldg 1
v Asheville, NC 28801

[ ]

B
.

S Yy

& K PR A
4 LI IR I
. . - ‘-l..'u.l

N

DIST~-1

NN N
s ate

o e e e B e e o) e ey o O R A N A 0 W e W el



Y

“
“

4 ¢
s

’
E_a_

v

Navy Representative
National Climatic Center
Arcade Bldg

Asheville, NC 28801

National Bureau of Standards
Boulder Laboratories

ATTN: Library

Boulder, CO 80302

Commander

US Army Foreign Science and
Technology Center

Federal Office Bldg

220 7th Street NE

Charlottesville, VA 22901

Commander
Naval Weapons Center
ATTN: Code 3173
Dr. A. Shlanta
Mr. Robert Moore
China Lake, CA 93555

Commander

US Naval Surface Weapons Center
ATTN: Ms., Susan Masters
Dahlgren, VA 22448

US Army Armament R&D Command
ATTN: AMDAR-SCF-DD, 65S/M. Rosenbluth
pover, NJ 07801

Commander

ARRADCOM

ATTN: AMDAR-SCF-IM/J. Heberley
Dover, NM 07801

Commander

US Army Dugway Proving Ground
ATTN: Meteorology Division
pugway, UT 84022

Commander

US Army Edgewood Arsenal
ATTN: SMUEA-CS-0

Edgewood Arsenal, MD 21010

pIst-2

L T N P R USRI U )  m
P AT TS WP (3 SO LW |



o

N Commander

o US Armament Development & Test Center

XY Det 10, 2 Wea Sq

- ATTN: MAJ F. Lomax/CPT Kelly 2
A Eglin AFB, FL 32542

.

b ADTC/XRCE (D. Dingus) 1

e ses Eglin AFB, FL 32542

AFATL/LMT 1

. Eglin AFB, FL 32542

:-{_ Commander

US Army OTEA

T ATTN: CSTE-STS~L/F 1
" 5600 Columbia Pk

. Falls Church, VA 22041

Ne”

x\\ US Army Engineering Topographic Lab

e Earth Sciences Division

Ay ATTN: ETL-GS~ES, Dr. Krause 1
= Fort Belvoir, VA 22060

‘:::-,':; Director

,_‘ US Army Night Vision Laboratory

'~:.,§ ATTN: Dr. R. Shurtz/Dr. W. Trussell, Jr. 2

Yo Fort Belvoir, VA 22060

- Commander

D USA Mobility Equipment R&D Command

s ATTN: AMDME-ZK/Dr. Steinbach 1

e Fort Belvoir, VA 22060

"" Commander

Sy US Army Communications~Electronics

-:‘ Combat Development Agency 1

" Fort Huachuca, AZ 85613

Y

et

Bt US Army Combat Development

.' Experimentation Command 1
“Ng, Engr. Sys. Branch/ Mr. Egger

'-f.: Fort Hunter-Liggett, CA 93928

53

g j'.:_- Commander

T US Army Combined Arms Combat

‘- Development Activity 1
Fort Leavenworth, KS 66027

j-:i-i

e Commander

e US Army Training & Doctrine Command

N ATTN: ATORI 1
. Fort Monroe, VA 23351

J'":

3

A

P DIST-3

X

N J

W RGOS PG A G R N s TR TR N8 T R TN, TN R v T d AT S8 NF AT W A T AT Ay




R L T T T e s ey 1
- - - - - - . - » o . - - - ‘- . e e - e T & = - . W . ~ . Lo P e -

Commander

US Army Electronics R&D Command

ATTN: DELCT/Dr. Buser/Mr, Rohde 2
Fort Monmouth, NJ 07703

Commander

US Army Artillery Combat 1
Development Agency

Fort Sill, OK 73504

Commander

US Army Artillery & Missile School

ATTN: Target Acquisition Dept 1
Fort Sill, OK 73504

Commander
US Army Cold Regions Research and
Engineering Laboratories
ATTN: CRREL-RP/Mr. Berger 2
Hanover, NH 03755

Air Force Geophysics Laboratories
ATTN: OPI/Mr. Selby/Mr. Falcone
OPA/Dr. Fenn
CRXL
LKI/Mr. Gringorten/Mr, Lenhard/Mr. Grantham
LYS/Mr. Hawkins
LYW/Mrs. Dyer/Mr. Donaldson
Hanscom AFB, MA (01731

BN = W

Director
Ballistic Missile Defense
Advanced Technology Center
ATTN: ATC-D/O/R/T 4
P. 0. Box 1500
Huntsville, Al, 135807

National Aeronautics & Space Administration
ATTN: R~-AERO-Y 1
Marshall Space Flight Center, AL 35812

Director
US Army Air Mobility Research
and Development Laboratory
Ames Research Center 1
Moffett Field, CA 94035

N DA, ODCSLOG

j.f US Army Logistics Evaluation Agency 1
. New Cumberland Army Depot, PA 17070

o

@

b.'.:-:

A

e

5 d' '-

o DIST-4

"c’

LV L RO ST T, TR




US Army Research, Development
and Standardization Group (UK)

ATTN: Warren E. Grabau

Box 65 FPO New York, NY 09510

Deputy for Science and Technology

Director of Defense Research and Engineering
ATTN: Military Asst. for Environmental Sciences
Pentagon

Washington, DC 20301

Director

Environmental & Life Sciences Division
ATTN: DDR&E/Col Paul D. Try/Room 3D129
Pentagon

Washington, DC 20301

Office of Assistant Chief of Staff
for Intelligence

ATTN: DAMI~ISP/Col Beck

Pentagon

Washington, DC 20310

Pacific Missile Test Center
Code 3253/ATTN: Charles Phillips
Point Mugu, CA 93042

Commander

US Army Research Office

ATTN: Dr. R. Lontz/Dr. Flood/Dr. Frank DedLucia
Dr. James Mink/Dr. Hermann Robl

P. 0. Box 12211

Research Triangle Park, NC 27709

Commander
US Army Armament Command
Rock Island, I1 61202

USAFETAC
ATTIN: ECE/Ms. Snelling

DO/LTC Incrocci

ECA/Mr. Charles Glauber
Scott AFB, IL 62225

Commander/Director

Corps of Engineers

Waterways Experiment Station
ATTN: WESEN/Mr. Lundien

P. 0. Box 231

Vicksburg, MS 39180

DIST-5

—

TR : " Al T A AT A, L AT e L G N A R L TS LS
L% '_\'.\“'.\i\hi\i\:i{m‘lﬂ.n"l.'}}‘a_ﬂ_\m:' JL'-P}A‘:& VRSN ATy szﬂ;&f :l’:&;\'*l- : A QO W A R IR AL._th




o Commander
. US Naval Air Development Center 1
o Warminster, PA 18974

Commander

US Army Tank Automotive R&D Command

ATTN: AMDTA-RCAF/Mr. Spratke 2

Warren, MI 48090 ‘
|
|

Naval Surfce Weapons Center
> ATTN: WR42/Mary Tobin 1
- White 0ak, MD 20910

o US Army Electronics Command

v Atmospheric Sciences Laboratory

- ATTN: DELAS-AS/Dr. Holt |

DELAS-DD/Mr. Rachele/Mr. Lindberg 2

- DELAS-EO-ME/Dr. Snider 1

aN DELAS-AS~P/Mr. Hines/Dr. White/Mr. Kobaylshi 3
> DELAS~EO~-S/Dr. Duncan/Dr. Avara 2
N DELAS-BE/Mr. Horning 1

White Sands Missile Range, NM 88002

- Commander

o Missile Electronic Warfare

" ATTN: DELEW-M-STO/Mr. Larsen 1

N DELEW~TAS/Mr. Stocklos/Mr. Lee 2

White Sands Missile Range, MM 88002

US Air Force Avionics Laboratory

< ATTN: ASD/WE, MAJ Crandall 1
N AFAL/WE, CPT Pryce/Mr. Winn 2
y AFAL/RWI, Dr. Sowers/CPT Smith 2
Wright Patterson AFB, OH 45433
-i Chief of Naval Operations
< ATTN: Code 427 1
- Department of the Navy
-7 Washington, DC 20350
,_ Chief, US Weather Bureau
" ATTN: Librarian 1
:¢ Washington, DC 20350
o USAF/AFOSR/NP
. ATTN: LTC G. Wepfer 1
<~ Bolling AFB
. Washington, DC 20332
:j Commander
e US Naval Air Systems Command 1
3 Washington, DC 20360
7
:
?; DIST-6
(]
-
’.
s
PR T o et T O s R L T S OE S X ST AL P o |




..............

.....................

HQDA

Directorate of Army Research

ATTN: DAMA-ARZ 2
DAMA-ARZ~D 1
Dr. Frank D. Verderame 1

Washington, DC 20310

Director, Naval Research Laboratory

ATTN: Code 5300/Radar Division : 1
Code 5370/Radar Geophysics Br 1
Code 5460/Electromagnetic Prop. Br. 1

Washington, DC 20390

Director

Atmospheric Sciences Program 1

National Sciences Foundation

Washington, DC 20550

Director

Bureau of Research and Development 1

Federal Aviation Agency
Washington, DC 20553

Director of Meteorological Systems

Office of Applications (FM) 1
National Aeronautics & Space Admin.

Washington, DC 20546

Director of Defense Research

and Engineering
Engineering Technology/Mr. L. Weisberg 1
Washington, DC 20301

Office of Chief

Communications~Electronics, DA

ATTN: Electronics Systems Directorate 1
Washington, DC 20315

Office of US Naval Weather Service
US Naval Air Station 1
Washington, DC 20390

S
’
[

LR ]
.

Office Asst. Secretary of Defense

Research and Engineering 1
ATTN: Techni-al Library
Washington, DC 20301

sfefnt
Jrgr e
St et
)

....?0
(AL}
[

e

L}

vy ¥

Dr. Richard Gomez

Office, Chief of Engineers 1
Room 6203
N 20 Massachusetts AVE., NW
") Washington, DC 20314 1
DIST-7

R N R R N NN N LN N W N NN N A
e e N e A N e Nl



S e e e e N AL A LA SR L OO St O SO LR S MAESE A SN afA |
- - . -t . AR R P Y ot t et - DR T

Chief of Naval Research
Department of the Navy 1
Washington, DC 20360

HQODA/OACST
ATTN: DAMI-1SP/Mr. Lueck 1
Washington, DC 20310

AMSMI-R Dr. McCorkle

Dr. Rhoades

~RO Mr. Oswell

~RPR

~-RPT

~RN Mr. Leonard

~RA Mr. Fronefield

~RH

~RHS

~RHC

~RHE

~RHA

-RX

~RL

~RLC

~RK

~RKP

-RT

~RTF

~RTP

-RD

~RDD

-RDK

-RE

~REL

~-REM

-RES

~-RG

-RR Dr. Hartman/Dr. Bennett/Ms. Romine

-RRA Dr. Essenwanger
Mr, Levitt
Dr, Stewart
Mr. Dudel, Mr., Betts, Ms. Mims

[ [
Pt bt gt D RS UL AT (D bt st ot ot Pt ot et s et et et et et et bt et b et et e b e b b T A e e

-RRD
- -RRO
;tﬁ -LP Mr, Voigt
..»

]
.“r
%

A
L] .‘u ‘.l .

H";V'""T."‘* ‘

‘1@

5
O

oy

ASSSA
V¢

DIST-8

2

%

L T R e e i A A o A L G O L N O T T T N C S
3 AN ._[.:A‘A- ){b—‘ nﬁ“} n'} -‘h} -'._'ﬂ_--')-f} Ll '.".'-\\.;\‘






